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MEASUREMENT OF THE TRUE DYNAMIC AND
STATIC PRESSURES 1IN PLIGHT*

By Ceorg Xiel

The apparatus for measuring the dynamic pressure in
flight is almost without exception located in the disturbed
velocity region of the wing. A considerable number of er-~
rors thus arise in the indications of the dynamic-pressure
head and in the altimeter connected to the static-pressure
head of the instrument. In the casc of the biplane, there
exists a region beitween the upper and lower wings in which
the velocity is that of the undisturbed stream. In the
casc of the monoplane, however, within the region where the
instruncnt may be practically installed, no position can
be found at which the veloecity is undisturbed and independ-
ent of the flight condition. In this report, two reliable
methods are presented, with the aid of which the undis-
turbed flight dynanic pressure and the true static pres-
sure may be determined without error. The second method,
developed by the author, is readily applicable and in any
case represents a satisfactory solution,**

I¥TRODUCTION

As a result of the disturbance flow about the wing,
the specd instruments mounted on the airplane in general
indicate a value that deviates from the true dynamic pres-
sure correspoinding to the flight velocity. The error in
the indication depends on the point of installation and on
the flight condition. It is of interest to know the actual

*UBeitrag zur wirklichkciﬁsgetrcuen Messung des Flugstau-
drucks und statischen Drucks.® ILuftfahrtforschung, vol.
15, no. 12, Dec. 10, 1938, pp. 583-97.

¥**The flight measurements were carricd out by the author
at the Deutsche Versuchsanstalt fir Luftfahrt, Berlin-
Adlershof, Institut fir Flugmechanik, and the author here-
with acknowlcdges the assistance of the DVL,
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flibhf'dvramic pressure not only in measurements of a
scientific character bdbut in practical flight operatlon,
partlcular1J for air transport.

I is'possible of course, by calibration flights at
a definite wing loading, to obtain the correct board in-
strument reading by a corresponding change in the scale,
but ian that cese the correct reading will be obtained
for only this one loading condition of the airplane.
Since the local effect depends on the circulation, that
is, on the 1lift coefficient, the cffect changes with
change in flight attitude. As soon as the wing loading
deviates from thatcorresponding to the calibration, the
readings will again be in error due to the changed 1ift
goefficient although the dynamic pressure remains the
samec. Lt is partlculwrlJ under modern flight conditions
where larze distances must be covered above the clouds
or in blind flight that a knowledge of the true flight
dynamic pressurc, that is, actual flight veloeity, is of

onsiderable importance.

It is for the above rceason that for some years past
meny atrplanc manufacturing firms and particularly the
German Lufthansa have felt the desirability of practical
investigations on the most favorable method of measuring
the dynamic pressure in flight. In countries outside
Gorman> it was also recogniged that the present methods
of dctermination of the flight velocity are still very
inperfecte Thus M. Gould Beard at a session of the
Anmerican Soclety of Automotive Engincers in Los Angeles,
October 1936, in a paper on Qrobloms in the testing of
transport alrpla es (refercnce 1) also discussed velocity
measurcment.  He expressly cemphasized that the develop-
mert of transport airplanes has consgideradly ralsed the
accuracy roquirements. of the navigating apparatus and the
increase in airplanc size has mande the pilot to a greatoer
extent dependent on the velocity measuring apparatus. In
his paper he laid particular emphasis on the fact that in
the futurce comprchensive and practical tests will have to
be conducted toward the solution of this problem on ac-
count of the importance of blind take-off and blind land-
ing. Thec methods presented below for the accurate meas-
urement of the flight dynanic pressure are designed %o
meet this practical reguirement.

In the course of ny investigations I have found that
all attempts at the solution of this problen by theorcti-
cal computations failed. It is not possible with the
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present airfoil theory to predict the field of flow in the
immediate neighborhood of the wing with the accuracy re-
quired for practical flight operation and with a reasonable
anount of computation. It is therefore attempted in this

paper to solve the problem chlefly through practical flight
tests,

Notation
v, VClOCltJ of flow in n01ph orhood of wing, (m/s)

Ve, brus flight velccity, velocity of undisturbed
: flow, (m/s).

q, dynanic pressure in neighborhood of wing, (kg/m?).

dynanic pressure corresponding to undisturbed

Cens
velocity, (k,/m?).
7oA q o
o - at c, = .
K 4 /0 '’ e a

€, sectiting of Y"econmpensating wing" with respect to
wing chord, positive with increasing angle of
attack, (lese)e  (See fig. 8.)
. !
P., total pressure, (kg/n®).
=

p, static pressure, (kg/m2).

Subscript o© denotes upper side of wing

(f\z

Subscript u denotes lower side of wiang.

Subseript x denotes locotion of connecting tube at dis-
tance x from inlet section.

A D =Dy = Pgyo static pressurc difference between up-
' per and lower sides of wing, (kg/m2).
1y ength of connecting tube medsured from enirance
: (“arrow1ng in section) to exit, (m).
r, ‘iumner radius »f connccting tube, (n).

u, nean velocity in thae connecting tube, (n/n)
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w, viscosity, (kg/m®).
o, air density, (kg®/a*).

v o= %, kinematic viscosity, (m%/s).
u

vr , Reynolds Nunber.

THE FPIELD OF FLOW ABOUT THE WING

In order to bring out the difficulties to which the
neasurenent of the dynamic pressure corresponding to the
undisturbed velocity in flight is subjected, the field of
flow about the wing will be briefly considered. Figure 1
shows the velocity distribution in the neighborhood of =z
Joukowski profile according to the computations of F. Weinig
(reference 2). The curves show the. lines of equal speed of
flow. TFigure 2 shows as a further cxample the results of
English wind tunnel measurecnents (refercnce 4). It is of
interest first to consider those positions at which the un-
disturbed flight speed v oOccurs. In figure 3 these
curves, corresponding to various 1ift coefficients, are col-
lected in a single diagram.* At ¢y = 0 there are four
curves slong which the truc flight speed is maintained
(v/ve = 1). Comparing the flow patterns for the differecnt
valucs of ¢, 1t is seen that there is a sharp change
with the 1ift coefficlent in all lines with constant v/vVee
At large 1ift coeffiticents, of the four lines of undisturbed
flow speed only two remain. As a single exception, there
is a relatively small.change in the curve of v/vm = 1,
starting in the neighborhood of the wing trailing edgec.
Also its origin renmains almost unchanged. Various investi-
gators propose instrument locations that arc approxi-
natcly in the neighborhood of these lines. These posi-
tions are indicated in figure 3. According to A. Lapresle
{reference 6) the most favorable location lics at a dis-
tance of 25 percent of the wing chord behind the trailing
edge and 35 percent above it. K. Hilding Beij (reference
8) recports on flight tests of the Pionecr Instrument Con-
pany, who uscd profile G& 387 for which the pressure noz-
zle was located at 0.2 of the wing chord behind and 0.4
of the wing chord above the trailing edge., The value 2.4
km/h is given as the largest crror. More recently, Von

*Sec also the work by Wieselsberger under refercnce 5.
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Baunhaucr (reference 11) has conducted sinilar flightn.“
tests-and-also wiad-tunnel tests. = He found the nost fa
vorable location to be 8.3 percent of the wing chord- nhvwd

of the wine triling ecdyge and 8.3 percent of the wing chord
above .the upper side of the wing.
. v g . '
The ratio — or — .at aay position of the dis-
Vo . Qo :

turbed flow about the airfoil is not only a function of
the poésition, but also depends on the angle of attack or
the streagth of circulnition, i.e., on the flight attitude.
In the case of the nonoplene it is not possible to wbtain,
fren o pitot-statie head iznstrument located at a definite
position on the wing, the true dynanic pressure reading
or cven o constant multiple of it over the entire flight
TANES .

For the case of the biplane, the conditions are nore
favorable (references 1% and 14). Pigurec 4 shows the ve-
locity distribution for a biplane accoerding to conputa
tions of P. Ruden. The circulation about the upper wing
induces a decrease'ln velocity btetween tlhe surfaces of the
biplane while the circulation about the lower wing induces
an incrcase in velocity. Considering now the flow pattern
between the two blnlnne win s, positions are found at
which the deecreased velucity due to the uvper wing is
cyval to the increased volocity due to the lower winge. - At
these _osicloaq the resultant velocity thus corresponds to
the undisturbed flow velocity. It will be further gshown
by flight ncasurements tiint these positions of vndisturbed.
flow velocity are in the normal flight range practically
uarafifected by the flight attitude.

FLIGHT-TEST RESULTS ON THE DYHAMIC PRESSURE DISTRIBUTION

FOR THE MONYOPLANE

Thooretica] conmputations on the velocity distribution
in the neighborhood of an airfoil always involve sone do=-
gree of cherthlntg arising from the ass unptions made for
the computation.” Wind-tunnel ncasuremenis. give better re-
sultse But here, toco, there are several factors involved
as a result of which the velocity, or dynamic pressure
distribution, in actual flight deviates fronm that neasured
in the wind tunnel, There ig for one thing the effect of
the different Reynolds nunbers, but in many cases, too,
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in wind-tunnel measurements, there is a jet overloading
that affects the velocity field about the wing. In ac-
curate neasurenent of the velocity distridbution, the Jet
boundary may play a non-ncgligible part.

In order to learnthe actuval relations involved, dy-
nanic-pressure-~-distribution mecasurements were therefore
conducted on a nonoplane (Junkers W 34) in flight. The
dynanic-pressure distribution was determined in the neigh-
borhood of the wing section ns 1little affected as possi-
ble by the ailerons and propeller slipstrean. There was
also nmeasured the dynanic-pressure distridbution outboard
of the wing tips. We shall, however, dispense with a pre-
sentation of the tests results here.

The above dynanic pressure distribution measurenents
in flight like the flow patterns computed by F. Weinig
(reference 2) and by the results of the English wind~tun-
nel neasurcnents (reference 4) show that the flow is
everywhere strongly disturbed up to considerable distances
fron the wing. There is no position in the neighborhood
of the wing of a monopleone at which, independent of the
1ift range, even approxinately undisturted dynanic pres-
sure (e occurs. The measurements conducted outboard of
the wing tips show indeed only slight deviations from the
actual dynanic pressure. The nounting of the pitot-static
tubes outboard of the wing tips is inconvenient, however,
in practical operation and on account of the increase in
drag of thec necessary outriggers 1s also inpractical. It
is frcquently stated that the reclations are nost favorable
ahead of the wing leading edge (reference 12). The ar-
rangenent of the apparatus far ahead of the wing leading
edge always requires, however, inconvenient weight- and
drag-increcasing structures that should as far as possible
he avoided. The assunption that a rod extending from the
wing in the profile-chord direction leads to no appreciable
increcase in drag is in error since the direction of the
wing is not along the rod axis. Due to the wing angle of
attack and on account of the circulation about the wing,
such an outrigger is attacked at an angle by the wind and
results in a non-negligible increase in the drag and in
addition unfavorabdly affects the flow about the wing on
account of the vortex region generated behind the rod.

The arrangement of the apparatus proposed by many in-
vestifgators in the neighborhood of the wing ftrailing edge
(fiz. 3) likewise gives no satisfactory solution. As an
advantage of this arrangenent, it is sometines stated that
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the pressure -readings foil ot the instant at which sepa-
ration phenomona.- a))oar over the wing trailiang edge and
the pilot is therceby warndd "in’ Lde“qe of- exceedingmthe
naxinun lift. 2 tho other.hand, it is known that the
start of vortex shedding of the kind that disturd the
instrument reafing may lic within o large range of 1ift
below the pmaxicun. Since, furthernore, almost all modern
airplancs are provided with -landing flaps and similar

take-off and l“nalmb aids, this proposed pitot-static

tube arrangencnt should in many cases encounter insuper-

IR, 3.3

‘adle diffic lLJos. Therc. is furthernore to be taken into

account the fact that the altimeter in present~day prac-
tice is nornally connccted to the static-pressure tube

of the apparatus. In a bad-weather landing the pilot
would oDbtain on altinmcter reading ccunsiderably in error
even at the libhtﬁ“t though not dangerous stallingi  Ac—-
cording to thec results thus far ootalned no practical un-
disturbed locaticn for the pitot-static tube can as yet
be specificd for the nonoplane. In a later scction below
it will be shown what nethods arc available for neasuring
the true static pressure and dynanic pressure of undig-~
turbed flight. :

FLIGET ARASUREL LIS FOR THE DETERMITATION OF THE MOST
FAVORABLE LOCATION OF THE PITOT-STATIC I STRUMEHT

I¥ THE CASE OF THE BIPLANE

In the case of the nmonoplane, we cane to the conclu—
sion that no position can be found in the imnediate neigh-
borhood of the wing at which the undisturbed-flight. dy-
narie pressure occwurs over the entire flight range. . In
the cwso of the bipldne, the flow pattern shown in figure
4 indicated a large regilon of undisturbed flow velocity in
which tﬂu instrunent nay conveniently be located., -To
check the practical utility of such an arrangement of the
instrument, the flow pattern ahead of the forward strut of
the ¥ bracing of a Focke-¥Wulf "Stisglitz" was surveyed and
the position dctermined at which the flight dynanic pres-
sure -occurred over the cntire flight range.

To detornmine the unalsturucd flight dynanic pressure,
the rc,dllgs of a FPrandtl tube attached to the airplane
were calibrated. In the calidbration, the total pressure
in the neighborhood of the wing was determined by an
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apparatus developed by the author and the static pressurec
by means of a tube towecd in the undisturbed flow under

the airplanc (references 15, 16, and 17). At the forward
strut of the left ¥ bracing a displaceable Prandtl tube

was nounted as shown in figure 5.and the dynamic pressure
neasurced at various points along the strut. An optical

DVIL double rccorder was used for the dynanic pressurc neas-
urenents (reference 18).

On the left of figure 5 is shown the flow offect be-
tween the biplane wings along the strut for various 1ift
coefficients of the ailrplanc. In order to ohtain the
curves of figure 5, the dynamic pressurce at each measuring
point was first plotted against the undisturbed-flight dy=-
namic pressure and from the values of g and ges read
off from the various dynamic pressures and lifts, the ratio
q/d e was formed. Figure 5 clearly shows the common point
of intersection of the q/qe curves corresponding to the
various 1lift coefficients. Thig comnon point of intersec=—
tion lies at 0.47 wing chord above the lower wing. Fur-
thermore, for this conmon point ¢/ge = 1 - for all curves,
which shows that at this point the undisturbed flight dy-
namic pressure (e occurs over the entire normal angle-of-
attack range. A pitot head located at this position nust
therefore indicate the true dynanic pressure over the en=—
tire normal-flight range. Figure 6 shows a control cali-
bration carvried out with this arrangement and it is seen
that the correct dynamic-pressure readings over the entire
nornal-flight range is confirmed. For the case of the bi~
plane, it is in all cases possible to locate rapidly an
uwndisturbed position between the two biplane wings.

MEASUREMENT OF THE TRUE DYNAMIC PRESSURE IN FLIGHT
BY MEANWS OF A PITOT HEAD AFD COMPENSATING WING

1. Object of the Investigation

In the foregoing section, it was explained that in
the casc¢ of the biplane there is a region betwcen the up-
per and lower wings where the flow velocity is practically
independent of the 1lift coefficient and in the entire
flight range equal to the undisturbed velocity. It was
therefore attcenpted with the ald of a small vane set above
the nain airfoil (in the following denoted "compensating
wing" as proposed by Dr. E. Everling) to affect the air-
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foil flow in such a2 maan t+ the undisturbed-flight
ctly meosured in its true

valuc. . : - L SR

r tha
e

2. Tcst Set-Up ond Measuring Apparatis

Oun the upper side of the right wing of a Junkers air-
planc (VW 34) o small conpensating wing was mounted (fig. 7).
The dynanic pressurc distribution between the conpensating
wing and main wing was measured with the aid of a pitot
tube "rake.® The compensating wing was supported dy N
bracings and was rotatable at points A and B. The length
of the rear strut of the ¥ bracing was variable. In this
war7, it was possible to vary the setting of the compensat-
ing wing with respect to the main wing chord

The compensating wing had an W.A.C.A. M-12 section and
was of coanstant 0.3 m chord and 2 m span. The edges were
rounded, The distance between the measuring plane and the
upper side of the nmain wing was 35 percent of the maln wing
chord at the measuring scction,. The distance of the necas-~
uring points from the aivplanc plane of symnetry was 3.12
me The mecasuring ll vite woas at a distance of 31.8 percent
of the wing chord of the measuring scction from the main
wing leading cdge, and wos 40 nn from the leading edge of
the compensating wing, that is, 13.34 percent of the con-
peasatory wing chord and 1.41 percent of the maln wing
chord at the nmcasuring position. For rccording the dynanic
pressures at cach of the measuring positions, U tube re-
corders decveloped by the IDVL were cnployced,

3. Mcasuring Prccedure

2

The dynamic pressurc distribution between the conmpen-
sating and main wings was nmeasured at various settings

of the compensating wing with respect to the main wing
chordi. The linc of refercnce for the setting corrcsponds
to the line passing through the profile nose and tralling
edge. The snallest sctting was -6° and the largest was

+12°, where the positive sign is in the sense of increas-

Cing a**l» of attack. The dynanmic pressure distribution

measuremcnts oxtended over the entire. normal flight range
for each constant angle of setting €. In carrying out
the measurenents the setting was adjusted on the ground
and the dynanic pressure variation between the conpensat-
ing and nain wing ncasurcd in flight for various dynanic
pressures g and various.lift coefficicants cgye
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4. Results of the Dynanmic-Pressure Distribution Measurcements
between Compensating and Main Wings.

Fipure 8 shows the variation of q/qOD as a functioan
of the 1ift coefficient ¢, at o few measuring points be-
tween tho compensating and nain wings and for the various
settings (€= -6°, -39, +39, +6.4°, +8.6°, +12°). The ra-
tio q/q_Oo varies with different intensity with ¢, oc-
cording to the setting of the conpensating wing. At neas-
uring point no. 2, which 1is at a distance of 2.9 percent
wing chcrd from the lower side of the conpensating wing,
there appears .at the settings ¢ = =-6°, -3? and +3° so
snall ~ change in the dynanmic pressure ratio a/ 4 that
the latter nay with sufficient accuracy be considered as
constnnt. The grcatecst deviations fronm the nean values
lic on the average below 1 percent of Qe In the case of
neosuring point no. 1, which is at a distance of 1.75 per-
cent of the main wing chord, there gimilarly appcar at the
settings € = 6.4% and e = 8.8° -only slight. changes in
the total normal fliszht ronge. At € = 6.4°9,- it nay he.
assurcd over the entire flight range that g¢/qe = 1.09.
0f greatest significance, however, is the result at ncas-

uring point no. 1 for a setting of € = 8.6°, In this

casc, for the cntire normal flight range, there may be set
q/a, = 1.0. The greatest error deviation within the lin-
its of ¢y = 0.2 to 1.0 then amounts to *1 percent of g

This error, however, alrcady lies within the neasuring
accuracy of the dynanic pressurc determination itself.
The flight velocity for this case wounld Ve determined

within 0.5 percent of the actual flight velocity.

A clear picture of the dynamic pressure relations be=-
tween the conpensating and nain wings is given by figure
9 showing the dynanic prossure distribution curves hetween
the conmpensating and nain wings for the sance setting
for various 1ift cocfficients (c, = 0.2; 0.5; and 1.0).
The values of qf/de corresponding to the various 1ift
coefficients were obtained by interpolation from the plot
of a/a, against cy. (See fig. 8.) Space linitation
prevents the presentation here of the results of the indi-
vidual neasurcnents. At the snmall settings of the conpen-
sating wing (¢ = =60 gnd € = =3°) the dynamic pressurec
ratio .q/q, at first becomes smaller with increasing disg-
tance from the compensating wing and then increases again,
approaching asymptotically the value of the dynamic pres-—
surc that would exist in the absence of the conpensating
wing. At the settings € = -6° and =39, the conpensat-
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ing wing-produvces negative lift. The result is an in-

-.crease in the dynamic pmressure on its under side between

the compensating and main wings. At the larger settings
of the .compensating wing which lie in the range of posi=-
tive lift, there occurs a decrease in dynamic pressure be-
tween the compensating and main wings., This decrease at
large scttings is 'greatést 'in the immediate ncighborhood
of the¢ compensating wing and with inereasing distance
aszaln approaches asymptotically the dynamic pressure which
would cxist in the absence of the compensating wing. The
point of intersection of these curves gives the position
at which .q/qs 1s indepondent of the flight condition and
also the value of q/q. which is constant over. the en-
tire angle~of-attack range. This value of qf/qes will be

dcaoted by (q/quconsf. with the arrangement investi-
gated, the dynamic pressure curves at € = 8.6° 1intersect
at (¢/dwconst = 1.03 at a distance from the under side

of the comnpensating wing of about 1.8 percent.of the main
wing chord at the mceasuring scction.

Figure 10 shows the values (a/qo)oongt ond the cor-

responding distance from the compensating wing as a func-
tion of the compensating wiang setting. With increasing

value of € the value of (Q/q“)cons% decreases and the

point of intersection approaches the compensating wing.
According to figure 10, the desired value (qfq.) = 1
would be obtained at € = 8.7° at o distance of 1.7 per-
cent main wing chord from the under side of the compensat-
ing winag, . a result which is in good agreement with the
corresponding values of figure 9.

5. Conclusions from the Dynamic Pressure Measurcements be-
twecen Compensating and Main Wings

The results of the dynamic pressure measurements be-
tween the compensating and main wings shows that it is
possible with the ald of the compensating wing to affect
the flow. in the nelilghborhood of the main wing in such a
manner that the uwndisturbed flight dynamic pressure may be
measured with the required accuracy indcpendent of the

s1ift coefficient over the entire normal flight rangc..
. 5 , <3 . (=4

With the compensating wingAarrangement_investigated. the
undisturbed flight dynamic pregssure will be obtained at
the point lying 1.7 percent of the main wing chord +t Dbe-



12 ¥N.A.C.A. fechnical Memorandun Ho. 913

low the ccnpensating wing and 1.414 percent chord from the
compensating wing 1ead1ng edge and ot the setting € = 8,70,
The ratio of conpeansating to nain wing was 1:76.7. This
result is true, however, only for the particular case of
the test set-up here choscn and for the prescnt canrot be
generalized. The rclations change with the shape and sige
of the conpensating wing and particularly with the change
in nounting pos1t10n. Any practical applicability re-
guires first of 21l a nmininun expeaditure in size and

as well as. a2 snallest possible distance from the

In order to get by with 2 small conpensating wing,
it is nccessary on the one hand that the nounting posi-
tion be located at o position with respect to the nain

wing at which the velo.~ty difference between the undis-
turbed and disturbed flow is the least possible and, on

the other hand, it-is to bec tnken care that the compensat-
ing wing urr%nbeﬂent at larger 1ift coefficionts does not
lie in the region of separation at which the recading would
be in error. The choice of section of the compensating
wing should also be of considerable importance., With a
nore highly canbercd section greater velocity differences
nay be attained so that to obtain the sane effeet with a
more highly cambered conpensating wing section smaller di-
neasions would probably ve regunired than for n section

witlh smaller camber. A disadvantage of the method of neas-
uriazg the uadisturved flight dynanic pressure by conpen=-
sating wing nnd pitot hend is the increase 1in drag that is
quoc1a eL with such an arraaxgement,

A Y¥EW MITHOD OF MEASURING THE TRUE DYNAMIC ARND

STATIC PRISSURE, PARTICULARLY 0¥ THE MOKOPLANE

e Procedure

=

1. Physical Basis of %

=}

A very useful nethod by which also in the case of the
‘monoplane the. free-strean dynnnic and static pressures in
their trie values nay be directly deternined, is obtained
when the regions above ~nd below the wing are sinultane-~
ously utilized for neasuring the static pressure. For
thig purpose, the pressure heads, one above .and the other
below the wing, are conanected with one another, Along
this conreccting tube fron the pressure to the suction side
of the wiang, there is then a pressure drop or flow fron
below the wiang to above it. It is assunmed thnt the pres=-
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sure drop along the coanccting tube is linear. Its lengzth

-will -be denoted by .l1. . At the position =x of the tube,

the pressure, as may be sccen from figuré‘ll, is -~
Px = Py = 7 {Pu - Po) , (1)

The total pressure Pgs according to the Bernoulli
law is constant on the upper and lower sides of the wing,
provided the flow is counsidercd as purcly potsntial, that
is, wherever the flow is practically free from losses or
vortices.

In the undisturbed flow thc static pressure, from the
Bernoulll equaticn is '

P, = Pg -~ 4, (2a)

gRes] o

At any position at the upper side of the wing, the static
pressure ig

Py = Py = dg (20)
aznd at the lowecr side
Py, = Pg = Gy (2¢)

We now denote the Aiffercnce between the total pressure

p, at any position of the potential flow and the pressure
=) L) . 0y - o -

Py at the position =x of the connccting tube as the dy-

namic pressurc gq., and write

z ¥ Pg = Px

Putting for p, the expression (1) and taking account of

cquations (2b) and (2c), there is obtainecd

RS

Ay T dq + '?E' (q_o i Cj.'-u_)> : ” : (5)

Fow it may be shown that under the assumption of lincar
pressure 4rop in the équalizing tube in all practical
cascs over the entire flight range, a value of the dynamic
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pressurc gy can be obtained which is either equal to
the free~stream dynamic pressure ¢eo Or is a constant
multiple of it, independent of the flight condition. The
proof is given from the dependence of the values qo or
g on the frece~strecam dynamic pressure (qo and the 1lift
coefficient cCg4e
Since it is obviously unpromising to compute the
ficld of flow with sufficient accuracy with the aid of
the potential theory, we must rely on the experimental
determination of the local dynamic pressure variation.
In our further discussion below; we shall for this rcason
malke usc of the empirical approximation formulas obtaincd
from flight measurcments. The dynamic pressure at any
position of the disturbed velocity field about the wing
depends on the free-strcam dynamic pressure gwo and the
circulation or 1ift coefficieat ¢, of the wing.

Figure 12 shows the dynamic pressure ratio 1/ aeo
obtained from mcasurements as a function of the 1lift coef-
ficient ¢, at various distances from the upper and lower
sides of the wing. Ian the normal flight range the curves

f(cy) are always straight lines. Denoting by

a/dy T
(q?qm)o the value of qfq, corresponding to c, = 0,
the fuanction g = il P Ca> may be reprcsented in the
form
G d
4. <—4-\ + <--g~->ca (4)
4 oo Qu 70 ad ¢ca S ReS) _

Employing, as before, the subscripts o and u for the
upper and lower sides of the wing equation (3) after di-
vision by g, TDbecomes

q‘X q‘u_ X s 4o /Qu DU
By xgiy By
qd e q-CO"O [ qoolo \qCO/OJ

- d (s JURN x - 4 da
rol m B e (- (] @
L @& ¢ Q 1 vd ¢ Ues d ca NQg
If qx/qm is now to assume a constant value independent
of the flight condition, the coefficient of ¢, 1in brack-
ets must be equal to zero. We must thus have the condi-
tion that
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a (gg_\J,-zs{_E__ > ( )}

This condition is satisficd if

__i~df&2>
x i d Cm\qm
-—{- = 14 L - (6)
\ d s qu)
A\

\ d c, N9,
that is, o constant dynanic pressure ratic q.\:/qOO inde-
pendcent of the 1ift coefficicnt over the entire flight
ranse will be obtained if the static pressurc in the con-
necting tube 1s taken at a position at which the ratio
x/l assumes the vaolue given by equation (6). It isg
naturally assuncd that 0 < x/1 < l. The valus of the

. _ . ‘

ratio q./4q, = (q/qm const itsclf is obtained from the
renaining port of equaticn (5) by substituting the valuc

i ]
1 doterminsd fron eguation (6). We thus have

a N\ “r .
(-2 = -un -pi{(i9> - Qu } (7)
\q“) const \ Go> / LN/ g Qco/O .

The valus of (G/qm>u0ﬂqt and of the position x/1
nay also be graphicnlly obtained in a sinple manner. For
this purpose, as schemuntically shown in figure 13, the '
valucs of q/qm, at the upper and lower sides of the wing
determined from flight tests for various fllght condltlong

(variocus 1ift coefficicnts or frec—strean dydanic prossurcs)

are plotted on a conmon abscissa for various values of

x/l and joined. The Jjoining lines then in all cascs in-
tersect in o conmmon point. 3By taking the static pressurec
at the position of the connecting tube indicated Dby the
point of interscction of the strailg zht lines there will be
obtained a dynanic pressurc ratio q/q independent of
the flight conditione. t the sanme tlﬁe the constant value
(q/qm)const can be.rcad off from the diagrame The nagni-

tude of this value varies with the mounting location of
the static pressurec tubes. For thick wing sections, the
value of (a/a )eonst > L whore the effect of the axial

conpression flow is large. In the region near the wing,
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in which only the pure circulation is observable and the
incrcase in velocity due to the compressed air mass vanw-
ishes, it will be pOssible to obtain the value
(Q/qw)COﬂst = 1, This should ‘be the case particularly

in the rcgion of the wing leading. edge.

2., Flow Relations in the Connecting Tube

2) Condition for linear pressurc drop.- The above dco-
scribed method is based.on two assunptions. It is first
assuned that no error results in the static pressure read-
ings from the fact that the air flows in at the lower side
of the wing and out at the upper at the pressure orifices.
This requirement nmay in all cases be casily satisfied. It
is sufficient, in genernl, if the cross scction areas of

he pressure orifices (slots in the normal Prandtl tube)
are a nultiple of the cross section of the connecting tube.
The nass of air then flowing per time unit through the nar-
row section of the connecting tube is then distributed at
the ialet and outlet over the larger cross section of the
static pressure orifice, so that only a slight disturbance
of the flow occurs which practicaliy has now no effect on
the readings. Also, all sections ahead of ‘the inlet to

the connecting tube nust sinilarly be larger than the

cross section of the connecting tube, which is always nore
narrow, The second a~nd most inpertant assumption is that
of linear pressure drop in the connccting tube.

It still remains to be investigated what conditions
are to be satisfied in order that o lincar pressure drop
should bec assured. It is convenient first to require a
laninar flow in the connecting-tube for the simple reason
that this is the only type of flow that can be treated by
-simple methods,. TFor the pressure drop for laninar flow
in. pipes, the .Hagen-Poiseuville law applies according to
which the pressure drop in the connecting tube is

_ “lu ,
A p = Py = Pg 7 8 W pos + p u _ (8)
where @ is the viscosity; 1, the leangth of the tube

neasured from the entrance (narrowing in cross section)
-to outlets;. r, the inner radius; p, the density; and
uw, the nean velocity in the tube, )
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At snall veloeitics u the term pu® of equation

(8) becomes negligibly -small., ..The pressure drop may then

with sufficient accuracy be denoted as linear. If the
condition is inposed that the error at the ouitlet cross
section of the tube may anount at nost to 1 perccnt of
A p, we have

<

lOOvp u?® A D

By solving the sinplified eguation (8) for uf‘éﬂd sub-

stituting in this expression, there is obtained

4
r

—————— 1
82 p‘a 1=

_ll./\\

100 p A D
Solving this ineguality for 1 therc is obtained
(9a)

In crder to obtain a lincar pressure drop with sufficient
accuracy, the dimensions of the connecting tube must be

so chosen that the incquality {(9a) is satisfied. Setting
p = 0,132 (kgs2/n®) and p = 1,712 x 107° (kgs/m2) (cor-

[}
responding to b = 760 mm Hg and % = 00 C.), we have
1 2 265,000 r® A p (m) (9Db)

b) Critical Reynolds Nunber as linmiting condition for
laninar flow.~ As already mentioned, equation (8) and the
incgualitics (92) and {(9D) developed from it are wvalid
only for the laminar type of flow. It will therefore Do
further indicated under what conditions the flow is lami-
nar.

Expericance shows that,for given conditions starting
from snall velocitles, laminar flow is first set up in the
pipe.s As the speed is slowly raised, there occurs at a
certain speed nore or less clearly defined, a sudden trans-
sition from the laminar to the turbulent condition. Fron
the law of gsimilarity, however, the velocity alone cannot
be the determining factor for the trensition from laminar
to turbulent flow and the flow relations are nore general-
ly described when referred to the Reynolds Nunmber, The
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transition nmust thus occur.at a quite definite, so-called
"eritical!' Reynolds Number, T

The transition fronm laminar to turbulent flow shows
up with particular clearness on consideration of the re-
sistance since the two types of flow have each their own
resistance laws. TFor tubes of circular cross section,
the Hagen-Poiseuille law is valid for laninar flow (equa-
tion (8)). In the transition from the laninar to the tur-
bulent condition, there is a discontinuous increase in the
resistance. Thege relations arc very clearly brought out
in the textbook by Prandtl-Tietjens.* TFigure 14 shows
these relations, the resistance coefficient

A r-
}\ = Pz —
p.u” 1
2
. . . . ur. .
being plotted as a functicn of the Reynolds Number R = >

3elow R = 1100 to 1400, the resistance coefficients follow
the Hagen-Poiseuille law of laminar flow.** There is then
a sudden dicontinuous rise in the rcesistance coefficient

up to a certain maximum after which it again decreases with
increasing Reynolds Number. In the region of the discon-
tinuous increcase, the actual transition from the laminar

to the turbuleat flow occurs. That value of R at which
the resistance begins to depart from the Hagen-Poiseullile
straight line A = 16/R. is denoted as the critical
Reynolds Humber and the corresponding velocity as the
critical velocity.

The tests conducted by various investigators show that
the critical Reynolds HNumber is a furnction of the initial
disturbance, increasing with decreasc in initial disturb-
‘ance. As the various tests have shown there is a lower
limiting value of the critical Reynolds Number which lies
at about R = 1000, 3Below this value even the strongest
disturbances decrease with time, which meanns that no turbu-
lent flow can continuously be naintained below R = 1000.

*See Praudtl-Tictjené, Hydro- und Acromechanik, vol. 2,
P 55,“ fig- 17. ’
**0n neglecting the last term (p u®) in equation (8),

there is obtained A = £ P Is 16 u = 16 = EE .
' put, pur ru R

2 . v
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“In. order that the. laminar flow may exist in all ‘cascs
Ta the connceting -tube,;  the Reynolds Number should not ex=-
ceed the wvolue 1000, VWe thus obtain as a. second condition

:;:mmyﬁ“‘xms"“
i s AR

]
d I
AN

R=2Z%< 1000 | (10)

<

~Bubstituting the velocity u  obtained fron the simplified
equation (8) (neglect of the tern p uR) in formula (10),
there is obtained the coandition

A fs
e 2.2 X <1000
8 py 1

Sincec we are ianterested ia thoe values of 1 and r, we
write this further condition in the clearcr forn

3
> 1 A pr (11a)
8000 p v

Substituting the values p = 1.712 X 10—6.(kg/m2) and

v = 13 x 1078 (n®/s), corresponding to a pressure of 760
nm Heg ond a temperature of 09 C. in lnequality (11a),
there is obtained finally

3

> A p X r 9
= ———— 10 : 11D
178 (m) (11p)

1

¢) Pinensioning the conncecting tube.~ In order to as-
sure the regquired linear pressure drop in the connecting
tube, thce conditions set up inm incgqualitiecs (9a) and (1lla)
nust be satisfiecd by the proper choice of length and inner
radius. In figure 15 the ninimum lengths 1 of the

. min
tube for various radii r are logarithmically.plotted
againsgt the pressure difference A p according to fernulas
(9b) and (1lv). For ao givern radius r, the reqguired nmini-
nunm length- of tube for the maxinum pressure difference A p
(qmqin) can be read off immediately. At spall values of
A p, the condition of laminar flow (inequality (lla)) is
always satisficd whenever the condition for linear pressure
drop (inequality (9a)) is satistfied. For large values of
A p, the relations are reverscd. In this case,. the coadi-
-tion for laminar flow requires the larger lengths of tube.
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The linit up to which formula (9a) or abeve which fornula
(112) is valid is obtainced by eguating the right sides of
(ga) and (llb). There is then obtained at the point of
intersceticn of the limiting curves for 1l,4n from (9a)
and (1la) the value c¢f A pi

e 2

Ap =10 wvyr

Below this valuc of A p, inequality (9a) is to he satisw
fied and above it ineguality (1la). The required condi-
tioans nmay be more cleerly written

"
ap S } 10° v r2 1 . . (12a)
A P r “ -

8000 BV

1Av4

or, making usc of exvressions (9b) and (11b)

2 265,000 r2 /A p

ap 3 1 o0.00223 r2 1 (12D)
- A p ord 9
2 10

178

A p valucs that practically arise in
1 red condition for linear pressure drop

is normally the determining condition,

5. Results of Proctical Fllght Investigations

) Gencral considerations on the applicability of the
aew nethod.-~ The mew method prescnted above of neasuriag
the drnanic pressure has been applied to various cases.
The results obtained were very satisfactory and showed the
practical utility of the proccdure proposed. A presenta-
tion of tho results obtained on various airplanes would
carry us beyond the scope of this work. There will be
given only as an exanple the results obtained in an in-
vestigation on a Junkers Ju 52 airplanec. In a serics~pro=-
duction airplane, the undisturbed dynanic pregsure and |
the static pressure for determining the altitude are neas-
“urcd with the aid of a pressure head nmounted on a 1.7 n
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long rod ahcad of the wing (fig. 16). In spite of ‘this
‘nassive and incoavenicht- structure,- the: readings of the.
dynaniec and static pressure arc always in crrore. Aside
fron the increcasce in the weight oand drasg, the pressure
apparatus in installations of %this kind 1s easily sub-
Jected to injuries. In what follows, it will be shown by
an cxanple in what a simple manner the actual static pres-
surce and the undisturbed dynanic pressure nay directly be
neasurcd over the entirce normal flight range by the new
method proposead. ’

b) Conduct of the test and neasurement procedure, -~
In order to exclude as far as possible the effect of the
axial conpression flow and obtain the dynamic and static
pressures directly in thelr true values the pressure heads
were nountcd in the neighborhood of the wing leading edge.
Furthernore, they were only at o small digtance from the
winz in order to reduce the drag.

To deternine thoe nost favorable distance of the ap-
parataes, Prandtl tubes were mounted whose distance from
the wing eould be wvaricd., The dynanic pressurc variation
(q = f(qy)) for variocus distances from the upper and
lower sides of the wings wos thus determined. Since, in
the final neasuring installation, the total pressurc was
to he deternmined with the instrument at the under side of
the wing the total pressure was in these neosurenents
teken only with the pressure tube of the under side of the
winge. In our nmeasurecnents .the dynamic pressurc at the
lower side of the wing is therefore

Gy = Pgu = Pu

N

and that on the uppsr side
4o = Pgu = Po

Posgible errors ns o result of the yawed sctting of the
tubee with respect to the wind direction are contained in
the values of q and gqgz» A check flight test showed
that the yawing of the instruments to the wind direction
with the .arrangement cnployed was in 21l cases within a
pernissiblc range.* The undisturbed dynanic pressure was

*Purther dato on the errors in the pitot hcad readings
due to yawed setting with respect to the wind direction
is found in the work of Kumbruch under reference 19.
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neasured with the aid. of a total-prossure tube and a static
tube was towed below the airplane (refercncesl5, 16, and
17), The tests were conducted for straight unacceleratecd
flight. The mean wing loading was 67.5 kg/n=2,

c¢) Analvsis of the data.- For various uandisturbed dy-
nanic pressures gqeo there was first determianed the ratio
q/qoo as o function of the distance from the wing (fig.
17), the valucs of g and gqe being interpolated fron
the plot of q against gq,. Fron figure 17 the distances
of the double-head installation from the under and upper
sides of the wing at which q/qe over the entire flight
range has the value 1, nay be very quickly deternined by
trial. To determine the factor (q/dw)oongt &nd the cor-

rosponding position at which the static pressure is taken
fron the connecting tube, it is best to make use of the
graphic nmethod indicated above. DFigure 18 shows a graphi-.
cal determination by this nethod of the dynanic pressure
r?tio (0/a=) ponst = 1 and the corresponding position

/1 '

If the points of attachment of the pressurc hcads are
located on the wing, i.¢., on the wing chord, the sane dy-
nanic pressure ratio (Q/%m)const nay be obtaincd for vari-
-pus distances of the installation from the wing. In order
to obtain a clear view on this relation, there werec plot-

ted in figure 19 the lines (a/qy)eonsgt ond x/1 = const
as functions of the distance of the installation  from the
upper and lower sides of the wing.* From figure 19

there can thus be obitained for the exanple here considered
the nmounting position of the apparatus at which for the
total flight range qfq, = 1. There arc also drawn the
curves (qf/4w)oonet = 0099 and (a/00s) gomst = LeO0Lle At

the sanme time the fijsure indicates the positions x/l at
which the static pressure is taken from the connecting
tube, this position being given by the point of intersec-
tion of the lines (g/qe)yonst With the lines of constant

*Ta order to obtain the fanily of curves of fig. 19, the
values of (q/qm)Const for constant distance of the

pitot head from the under side of the wing and the corro-
sponding valuss of x/1 were plotted as functions of the
distance from the wing upper side. Dy naking use of the
resulting fanily of curves the lincs (q/qm)const and .

x/% = const were drawn in on fig. 19.
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xfl. Internediate values may be interpolated. A consid-
erantion-of - fizure 19 shows. that small deviations from the
correct location of the static pressure tubes and small
displacenents in the static pressure orifice at the con-
mnecting tube lead only to vanishingly snall errors which
are insgsignificant for practical flight operation. This
circunstance is of grecat advantage for the sceries pro-
duection of dynanic-pressure installations of this kind.
According to figure 19, the true dynamic and static pres-
sureg are nost advaata reously oht11ned in the following
Manner. v

1. The static and dynamic tubes (in our case the
Prandtl tube or dynanmic tube with the same characteristics
and coefficicnts in obligue flow) are to be located at the
wing leading edge at a distance of 330 nn (that is, 8.6
percent of the wing chord at the mounting position) above
the upper side of the wing and under the lower sidec of the
wing, respectively. The directions of the tubes are to be
so chosen th~ot their axes of synnetry lie, as far as pos-
sible, in the flow direction. he actual installation di-
mensions are shown in figure 20.

2. The static pressure orifices, those of the upper
side of the wing aand those of the lower side, are then to
be joined by a pressure cqualizing tube. A pressurc ori-
fice at a distance of 0.39 of the total length of the con-
necting tube computed fron the inlet at the uander side of
the wing then gives the true static pressure over the
total nornal f11 *ht range. Since we taciltly assume a
linear pressurec drop 1nutne tube, the latter is to have
such dimensions that under all flight conditions arising
the inequalities (12a) or (12b) are satisfied.

d) Results.- On the basis of the results of figure
17, the double-head arrangenent and the connecting tube
were nounted as shown on figure 20, fron which the dinmen-
sions of the connecting tube can alsc be taken. To avoid
disturbances of the pressure readings due to the inflowing
and outflowing at the slits of the static tube, the pitol
head at the under side of the wing and the static tube at
the upper side of the wing were so dimensioned that their
internal cross sectlons were everywhere greater than those
of the conrecting tube. The latter was nade of aluminun
and was of 3 mnn inside radiuse. In order to avoid initial
disturbances, thé inlet to the narrower connecting tube
was well rounded. The total length of the tube was 6.405 n.
The nmaxinun pressure difference normally occurring between
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the lower and upper sides of the wing is about 110 kg/mg..
Computation by means of formula (9a) or (12a) or a check
by mecans of figure 15 shows that the conditions for lincar
pressure drop and laminar flow are satisfied. The nanner
of taking the true static pressure and the locoation of the
orifice nay be scen fron figurc 20. Great care was taken
to see that there was no narrowing or widening of section
of the connecting tube.

At the position of the static-pressure orifice, a
brass tube was coannected, the latter being provided with
several snall pressure orifices. 3By means of a hollow
ring welded along this tube as shown in figure 20, the
orifices are all united. This method of taking the pres-
sure was chosen on account of the considerable error due
to the imperfcect removal of the sharp edges of the ori-
fices, which cdies were thus avoided by uniting several
orifices in the nanner described. In order to have a con-
venicnt nounting of the connecting tube, it was rolled up
into a spiral of about 0.5 n diameter. Although this ar-
rangenent is not an ideal solution, it was choscn because
it was nost convenient for the investigation at hand.
Thus, for cxanple b suitadble arrangement of the connect-
ing tube with respect to the dynanmic-pressure meter, the
effect of the centrifugal forces in curved flight can be
consideradbly climinatcd. The connecting tube diameter
was purposely chosen relatively large in order to eliminate
stopping up or sources of error duc to moisture deposit
or dust particles, etc., in the tube. With a snaller in-
side diancter of the connecting tude, the length may be
correspondingly smaller. (See fige 15.) The final ar-
rangenent of the double-head installation at the wing is
shown in figure 21. '

The check calibration carried out with the arrange-
nent given in figures 20 and 21 is shown in figure 22.
The agrecenent Dbetween the indicated and true dynanic pres=
sure is very satisfactory. Since the total pressure, ex-
cept for small errors due to yaw, is correctly given and
only the static pressure at the mounting position of the
instrument is in error, the measuring arrangemnent gives
the true dynanic and static pressures over the entire nor-
nal flight range. The altimeter connected to the static-
pressurc head thus shows over the entire normal flight
range the true undisturbed-air .pressure or altitude. Er-
rors in the altitude readings which, particularly in bliad
flight -at low altitude, may become very dangerocus are thus
avoided. This great advantage is pointed out with par-
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ticular'emihmsis since, 4n practical flight, operation
“eases ocecur where the altimeter readings. dev1atod by 50
to. 100 neters fron the true value.

Figure 22 also shows the effect of the landing flap
deflcetion on the dynanic pressure rceadings. With full
flap deflection of 419, the readings, particularly for
large dynenic pressures, are sonewhat too small. For
snall dynanic pressures, the reading with flap deflection
practically coincides with the zero setting of the flap.
The dynamic pressure range in coning to a landing with the
test airplanc here employed lies between adbout 70 and 100
kg/n?, For a true dynamic pressure of lOO kz/m? and with
flap fully deflected the indicoted dynamic pressurc devi-
ates by 2.5 percent from the true value. - For a dynanic
pre gsure of 70 ké/ﬂ« also at full flap deflection, the

indicated dynamic pressure again agrees with the true value.

i
i

R e R

e) Advaniages and further possibilities of applica-
tion.~ The method given above for neasuring the static:
pressure and the undisturbed dynanic pressure has the ad-
vantages over those heretofore cmployed and often involv-
ing large errors, that the true valucs of the static pres-
sure or altitude and the true dynanic pressure are direct-
ly given independent of the flight condition without in-
volving inconvenient structures that increase the weight
and drag. The nost convenient and safest location of the
instruncat appears in all cases to be in the neighborhood
of the wing leading edge where the ratio (Q/q®)const = 1

is most casily obtainable independent of the flight atti-
tude. For this reason in the exanple here given the instru-
nent was mounted in the neighborhood of the wing leading
edges This arrangencent is not essential however. It is
also possible, for cxanple, to obtain the true value of the
undisturbed dynanic presswure when the pressure head of the
wing uppér side is mounted in the neighborhood of the wing
leading edge while that of the lower side lies consider-
ably aft. An exanple is shown in figuré 23 where the neas-
ured dynanic pressure at the upper and lower sides of the
wing, qo and gy, Trespectively, are plotted against the
true dynanic pressure g, and the location of the static
b pressure orifice at the connecting tube determined where
(a/a.)const = 1 over the entire flight range. The neas-
uring stations of the dynamic pressure are also indicated.

The new prodcdure described here for measuring the dy-
nanic pressurc nmay be applied in all casese. There are a
large nunber of variations possible which give the constant



26 H.A.C.A. Technical Memorandum Ho. 213

ratio of indicated to true dynamic pressure (q/de)eonst = 1

over the entire flight range and there arc no difficulties
in finding such arrangencnts. In all cascs in which the
value <Q/%”)const = 1 1is not obhtained, there always rec-

nains the great advantage that g/qs 1s constant over the
entire flight range. With the accuracy requirced for prac-
tical flight operation, the arrangemcnt enploycd for one
airplone may directly be applied to cother airplanes of the
sanc type and interchangeability of apparatus is thus
greatly facilitated. .

A further possibility of application wherc the above
nethod shows promise is for high-speed airplancs where even
the slightest drag increases nust be avoided. There is
herc offered the possibility of taking the static pressures
sinply by orifices in the upper and lower sides of the wing.
There will then be required in addition only a total pres-
sure head which can be linited to the absolutely necessary
sizec., : : -

In the casc of airplune with landing flap with the
present day nmounting of the pitot-static tube the readiig
also changes with the flap deflection so that depending
on the mounting position of the instrument there is obtalned
either a 00 large or too small dynamic pressure with flap
deflcction. The sanc applies to the static pressure or al-
titucde. With the method here described the true dynanic
pressure readings will be maintained or only slightly
changed even with flap deflection.

SUMMARY"

¥o usceful method has .up to the present been krown for
neasuring the true dynanic pressure and static pressure
with corresponding altitude. The theoretical computations
putlished in the litcrature on the subject and also ny own
flight tests have shown thet in the case of the monoplane
in the region where the pitct-static tudbe nay practically
be mounteld there ig no position wherc, for the entire
flizht range, the dynamic pressure is that of the undig=-
turbed strcan.

In the case of the biplane, the relations are consid-
erably morec favorable, The field of flow between the two
biplanc surfaces receives o decreasec in velocity due to
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the circulatiosn about the upper wing and an increase in

"yeldécity dué to that about the ‘lower. wing..  Coansidering

now the field of flow between .the two biplanc wings, a
region will be found in which the resultant wvelocity for
all nornally occurring angles of attack agrees with the
undisturbed strean vclocity. Expcrience gshows that in the
case of the biplane an undisturbed nounting location for
the pitot-static tube may in cevery case be quickly and
casily found.

Starting from the flow relations prevailing between
the biplane wings, i1t is shown that also for the monoplanc
it is possible with the aid of a small wing (conpensating
wing) nmounted ahove the moin wing to modify the circula-
tory and axial flow at the mounting location in such a
nannor that the undisturbed dynanic pressure nay be neas-—
vred directly in its true value. A disadvantage of this
nethod is the increase in drag involved.

Finally, as o satisfactory soclution for the neasure-
nent of the true dynanic and stntic pressures a new nethod
was developed which in particular is applicable in all
cases t0 the monoplane. 23y this method, the static pres-
gurc leads of two dynanic or static pressure heads, one
of which is mounted abocve aund the other below the wing,
are connected to eacnh other. Along the connecting tube
there then cccurs a pressure drop from the lower to the
upper side of the wing. If Hy suitable dimensioning of
the pressurc equalizing tube (satisfyine of the conditions
given by tlie incquality (12a) care is taken to sec that

he pressurc drop in the connecting tube is linear a posi-
tion nay be found at the connecting tube at which the true
static prescurce is obtained independent of the flight con-
ditione The total pressure, according to the Dernoulli
law, is constant on the upper and lower sides of the wing
for the coase of potential flow, i.e., wherever the flow
igs free fron losses or circulation. The total pressure
therefore can be taken either at the upper or at the lower
gide of the wing.

Proctical investigations in flight have proven the
wsefulness of the new procedure for measuring the dynanic
pressure. Bven with full flap deflection of 41° no errors
in the readings ocecurred for small dynanic pressures; for
larcer dyaanic pressures the nmaxinum error oanounted to
-2.5 percent. The new method above described has the ad=-
vantage as compared with those employed heretofore, often
1nvolv1nb large errors, that the true values of the static
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pressure or altitude and the true dyneanic pressure nay di-

rectly Do obtnined without inconvenient structures that
incrcasc the weight and drag. False rcadings in the dy-
nanic pressurc and errors iz the oltineter reading which
nay hecone dangerous particularly in low altitude blind
flying are thus avoided by this method. This advantage
ig of inecstimadle value for proctical flight operation
sincc repeated casces hove occurrcd where in addition to
rable crror in the dyannic pressure indications

sineter reandings deviated by 50 to 100 meters fron
ue value. .

e author expresses his thanks to his teacher,
Prof. Dr. Ing. W. Hoff, for encouragenent in this work;
also to the DVL for supplying the means for condwiting the
work. Furthermore he would like to thank Prof. Dr. Ever-
lianag and Prof. Dr. Ing, Ibla,h for their suggestions

for inprovement and the crcet taken.
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Figure 2.~ Lines of equal flow speed according to computations

from English wind tunnel measurements (ref. 4),
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\Mgure 4.~ Lines of equal flow speed for a biplane
according to computations by P. Rudean,
Wormal 1ift coefficient of the upper wing cno 0,50
# "

" lower " Cnu 0.48

Figure 3.« Lines of
undisturbed

flow speed for various

1ift coefficients,
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Pigure 7.~ Compensating wing with pitot heads. The

compensating wing is rotatable about the
points A and B, By displacement of the rear strut of the
¥ bracing the setting of the compensating wing may be
varied. Distance of the compensating wing from upper
side of the main wing is 35 percent of the main wing
chord at the measuring position. Profile section of
compensating wing is NACA M-12, span 2.0 m, chord 0.3 m.
Distance of dynamic pressure messuring plane from leading
edge of compensating wing is 13.34 percent of compensat-
ing wing chord or 1.414 percent main wing chord t.
Distance of dynamic pressure measuring plane from main
wing leading edge 31,8 percent of main wing chord at
measuring position. Compensating wing a.rea/main wing
area=1/76.7. '

Pigure 16,~ Pressure head arrangonenft thus
far used on the Junkers Ju 52.

Figure 21.~ Final arrangement of double-
head installation.
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